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HISTORY OF SOLID STATE BATTERIES most conductive of the alkal{ metal halides, 10~7 §/cq
at ambient temperature. Liang (6) discovered the ad-
dicion of a dispersed phase, such as Al303, increased
the conductivity by about 2 orders of nagnitude.
Liang and colleagues developed a commercial Llithium

30lid state battery using various polyvalent metal

A AR

Boone B. Ovens and M. Z. A. Munshi

Departaent of Chemical Engineering
and Materials Science

Fo! Corrosion Research Center salts as che cathode. The internal resistance of the
"’ University of Minnesota, Minneapolis, MN 55455 cell was reduced by fabricating the electrolyte as a

f very thin layer, but the celly were limited to fairly
» aodest current drains. The cells did exhibit excel-

\ Solid electrolytes have been of considerable lent storage life at high rteaperatures such as 100°C.

! {ncerest because of the possibility for fabricating

) batteries that would exhibit enhanced scability and The development of the {n-gitu electrolyte battaery
. operate over a wide temparature range. The scientific based upon the use of a lithium anode with an {odine~
) activity devoted to this field has been a function of complex cathode resulted in & cell that found wide-

NN s

the availability of solid electrolyte materials.

Prior to 1965 there were limited materials that exhib-
ited foatle conductivities of sufficfent msgnicude for
a practical battery (1,2). Whereas liquid electro~
lytes exhibited conductivities of nominally one S/ca
s0lid electrolytes exhidited conductivities of less
than 108 S/cm. It was known that certain solid elec-
trolytes exhibited "liquid like” conductivity values
of one S/cm at elevated temperatures. The high cem—

spread use {n cardiac pacemskers. Thesa cealls are
fabricated by contacting the anode with the cachode so
that the electrolyte LIl forms in-situ as a very thin
layer.

Other techniques for obtaining more conducting
electrolyte elements in solid-scate cells have i(n-
cluded the development of both glass and polymeric
elactrolytes. Solid electrolyte batteries for ambient

~ perature phases of the silver halides and some cuprous temparatures have evolved through the following stages,
" halides exhibited this characteristic. However, at
- aabient temperatures, the stable crystal structures L. Crystalline fonic solid electrolytes - (Agl)
- exhibit very limited lonic mobility. 2. Double salts - (RbAgsls)
- 3. Dispersed phase electrolytes - (LiI-A1704)
- Tarly investigators of solid state batteries deve- 4. Cermic compounds - (Ne-8"-A1;03)
4 loped several electrochemical systems for low power 5. In-situ forwed electrolyte - (LiI)
‘ ordinance applicscfons during the late 19505, as shown 6. Glass electrolytes - (LLiI-L155-P;Ss)
i in Table 1 (3,4). These celly had very high internal 7. Polymer alectrolytes - (PEOg-L1C104)
*_. ;:t:::::,:‘/‘: '?"stt\:’;tzi:oo:u:::: :::::::.ﬂ * Little commercialization has occurred, but in the spe-
e based on silver fon conducting slectrolytes it was clalty aress the solld state batteries asy de quite
- necessary to use silver as the anode; therefores the ‘f"’“l for highly stable, long-life, low power appli-
. cell voltages and the energy densitles vere quite low. cations.
o Nonetheless, these batteries did exhibit laong shelf-
" 11fe and good mechanical stability. TARLE 1
The najor limftacions of low specific energy and farly Solid Electrolyte Battery Systems (3,4)
power were due to the solid state of the electrolyte
material. Consequently, battery scientists i{nterested
\"." in improved so).:: state batteries had to develop more Systams Cell potential (volts)
W conductive solid electrolyte elements. This could be
f v achieved by finding new structures in which the fonic Ag/AgI/V;0s 0.46
“3 transport occurred more readily, or by developing Ag/AgBr/CuBry 0.74
techniques for fabricating the electrolyte in a very
“I. thin configurstion with high surface ares. Both of Ag/AgBr-Te/CuBry 0.80
these approsches were followed during the subsequent Ag/AgCL/KICL, 1.04
tventy ysars. The discovery of highly conduycting
- doudble salts of silver compounds led to the develop- N1-=Cr/5as04/Pb0y 1.2-1,5
n" aent of solid state cells {n which the internal resis-
N tance vas proportionately reduced. AgySI had an fonic
oS conductivity of 0,01 S/cm at ambient cemparature and Acknowl edgemant
" RbAg,Is had & value ot 0.27 S/cem. These salts were
L&) combined with silver anodes and the resulting cells This work was supported in part by the Office of
Al were capable of current drains {n excess of 100 mA/cu?. Naval Research.
. The use of polyiodide cathodes resulted in cells, References
of the types Ag/RbAgals/Me,NIg capable of efficient
o discharge over a wide temperaturs range. Because of 1. Poley, R.T., J. Electrochem. Soc. 116, 161 (1969).
Y the absence of phase transitions stable performanca 1. Owens, 8.8., "Solid Electrolyte Batteries,” Vol. %,
:5 vas observed betwaen -40 and +70°C. Purthaer, these Advances in Electrochamistry and Electrochemical
" 4 solid state cells could be stored as active primary Engineering (P. Delahsy and C. Toblas, eds.) J.
X cells for over 10 years (5). Although the system per— Wiley, Vew York (1%71).
& formed relativaly efficiently, inhereat liamitations of 3. Mrgudich, J.N., in the Bacyclopadia of Electro-
| cost and anergy content restricted their spplication. cheafstry, edited by C.A. Hempel, Reinhold
Nonetheless, it 4id 1llustrate the feasidility of Publishing Corp., New Yock, p. 94, (1964).
totally solid-state batteries that could accommodate 4. Shapiro, $.J., "Solid Electrolyte Battertes,”
M the volume changes associsted with cell discharge re- Proc. l1lth Annual Power Sources Conf., May 22-23,
> action and give efficient performsnce over an extended 1957 p. 3.
. ’ period of time and s wide range of tempsrature. S. Owvens, 8.3., Patel, 8.X., Skarstsd, P.M. and
:‘ Warburton, D.L., Solid State lonfce, 9 and 10
.: The development of more energetic soli{d-state dat- (1983). Jian
'~ teries focused on the use of llthium-ton conducting 6. Liang, C.C., J. Electrochem. Soc. 120, 1289 (197M).
'S ‘. aaterisls with lithium anodea. Lith{um {odide 13 the
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